In this paper, we study efficient and reliable automatic extraction algorithm to find out the open space area from the high resolution urban satellite imagery, and to detect changes from the extracted open space area during the period 2003, 2006 and 2008. This automatic extraction and change detection algorithm uses some filters, segmentation and grouping that are applied on satellite images. The resultant images may be used to calculate the total available open space area and the built up area. It may also be used to compare the difference between present and past open space area using historical urban satellite images of that same projection, which is an important geo spatial data management application.
INTRODUCTION
Extraction of open space area from raster images is a very important part of GIS features such as GIS updating, georeferencing and geo spatial data integration. However, extracting open space area from raster image is a time consuming operation when performed manually, especially when the image is complex. The automatic extraction of open space area is critical and essential to the fast and effective processing of large number of raster images in various formats, complexities and conditions. The method of how open space area are extracted properly from a raster image depends on how open space area appears in the raster image. In this paper, we study automatic extraction of open space area from high resolution urban area satellite image. A high resolution satellite image typically has a resolution of 0.5 to 1.0 m. Under such high resolution, an open space is not same any more in whole image, instead, objects such as lake(s), trees are easily identifiable. This class of images contains very rich information and when fused with vector map can provide a comprehensive view of a geographical area. Google, Yahoo, and Virtual Earth maps are good examples to demonstrate the power of such high resolution images [13] . However, high resolution images pose greater challenges for automatic feature extraction due to the inherent complexities. First, a typical aerial photo captures everything in the area such as buildings, cars, trees, open space area, etc. Second, different objects are not isolated, but are mixed and do interfere with each other, e.g., the shadows of trees on the road, building tops with similar materials. Third, roads, that look like open space area having the same characteristics, cause failure to extract real open space area. In addition, the light and weather conditions have big impact over images. Therefore, it is impossible to predict which and where objects are, and how they look like in a raster image. All these uncertainties and complexities make the extraction process very difficult. Due to its importance, much effort has been devoted to this problem [3, 4] . Unfortunately, there are still no methods that can deal with all these problems effectively and reliably. Some typical high resolution images are shown in Fig.1 and they show huge difference among them in terms of the color spectrum and noise level. There are numerous factors that can distort the edges, including but not limited to blocking objects such as trees and shadows, surrounding objects in similar colors such as roof tops. As a matter of fact, the result of edge detection is as complicated as the image itself. Edges of open space area are either missing or broken, while straight edges correspond to buildings, as shown in Fig.2 . Therefore, edge-based extraction schemes do fail to produce reliable results under such circumstances. In this paper, we develop an integrated scheme for automatic extraction that exploits the inherent nature of open space area. Instead of relying on the edges to detect open space, it tries to find the pixels that belong to the same open area region based on how they are related visually and geometrically. Studies have shown that the visual characteristic of a open space is heavily influenced by its physical characteristics such as material, surface condition. It is impossible to define a common pattern just based on color or spectrum to uniquely identify an open space area. In our scheme, we consider an open space as a group of "similar" pixels. The similarity is defined in the overall shape of the region they belong to, the spectrum they share, and the geometric property of the region. Different from edge-based extraction schemes, the new scheme first examines the visual and geometric properties of pixels using a new method. The pixels are identified to represent each region. All the regions are verified based on the general visual and geometric constraints associated with a open space area. Therefore, the roof top of a building or a long strip of trees is not misidentified as a open space area segment. There is also no need to assume or guess the color spectrum of open space area, which varies greatly from image to image, as evident from the example images. As illustrated by examples in Fig.1 , an open space area is not always a contiguous region of regular linear shape, but a series of segments with non regular shapes. This is because each segment may include pixels of surrounding objects in similar colors or miss some of its pixels due to interference of surrounding objects. A reliable extraction scheme must be able to deal with such issues. In the following sections, we discuss how to capture the essence of "similarity", translate them and finally turn them into display.
IDENTIFICATION OF WATER BODIES FROM SATELLITE IMAGES
While extracting open space area from high resolution urban satellite images, first, we should identify the water bodies like lakes or reservoirs or tanks or rivers etc. For this purpose, a large number of times the earth observation satellites have orbited, and are orbiting, our planet to provide frequent imagery of earth's surface. From these satellites, many images can potentially provide useful information for assessing erosion, although less has actually been used for this purpose. This section provides a brief overview of the space borne sensors applied in water-body extraction studies. Optical satellite systems are, most frequently, applied in water body extraction research. The parts of the electromagnetic spectrum covered by these sensors include the visible and near infrared (VNIR) ranging from 0.4 to 1.3 μm, the shortwave infrared (SWIR) between 1.3 and 3.0 μm, the thermal infrared (TIR) from 3.0 to 15.0 μm and the long-wavelength infrared (LWIR) from (7-14 μm). Table 1 summarizes sensor characteristics of the systems used. [12] . 
AUTOMATIC EXTRACTION SCHEME
The goal of the proposed system is to develop a complete and practical solution to the problem of automatic extraction of open space area in high resolution aerial/satellite images.
In Each major stage consists of the following three major steps: filtering, segmentation and, grouping and optimization, as shown in Fig.3 . The details of each step will be discussed in the following section.
ALGORITHM
We assume that the images satisfy the following two general constraints, which are derived on the basis of minimum conditions for an open space area to be identifiable and, therefore, are easily met by most images: (i) Visual constraint: majority of the pixels from the same open space area have similar spectrum that is distinguishable from most of the surrounding areas; and, (ii)Geometric constraint: a open space is a region that has relatively no standard shape, compared with other objects in the image.
These two constraints are different in implications. The visual constraint does not require a open space region to have single color or constant intensity. It only requires blank area to look visually different from surrounding objects in most parts. The geometric constraint does not require a smooth edge, only the overall shape to be a long narrow strip. So these conditions are much weaker and a lot more practical. As we can see, these assumptions can accommodate all the difficult issues very well, including blurring, broken or missing edge of open area boundaries, heavy shadows, and interfering surrounding objects.
Filtering
The step of filtering is to identify the key pixels that will help determine if the region they belong to is likely an open space area segment. Based on the assumption of visual constraint, it is possible to establish an image segmentation using methods of edge detection. We note that such separation of regions is required to be precise and normally suffers from quite a lot of noise. In the best, the boundaries between regions are a set of line segments for most images, as is the case shown in Fig.2 . It certainly does not tell which region corresponds to which area and which is not based on the extracted edges. As a matter of fact, most of the regions are not completely separated by edges and are still interconnected on 4-connect path or 8-connect path. In order to fully identify and separate open space regions from the rest of image, we propose to invert them and again extract the edges using Sobel edge detector to highlight sharp changes in intensity in the active image or selection. Two 3x3 convolution kernels (shown below) are used to generate vertical and horizontal derivatives. The final image is produced by combining the two derivatives using the square root of the sum of the squares. The R is radius that determines the area used for calculating the median (uncalibrated, i.e., in pixels). The Fig.4 depicts how radius translates into an area. The T (Threshold) determinates by how much the pixel must deviate from the median to get replaced, in raw (uncalibrated) units. The outlier OL determines whether pixels brighter or darker than the surrounding (the median) is replaced.
Segmentation
The step of segmentation is to verify which region is a possible road region based on the central pixels. Central pixels contain not only the centerline information of a region, but also the information of its overall geometric shape. For example, a perfect square will only have one central pixel at its center. A long narrow strip region will have large number of central pixels.
Only regions with ratios above certain threshold are considered to be candidate regions. In order to filter out interference as much as possible for reliable extraction during the first major stage, a minimum region width can be imposed. This will effectively remove most of the random objects from the image. However, such width constraint will be removed during the second major step as improper regions can also be filtered out based on the color spectrum information obtained from stage one. Therefore, small regions with closer spectrum are examined for possible small open space area in the second stage.
In addition to the geometry constraint, some general visual information can also be applied to filter out obvious non-open space regions. For example, if the image is a color image, most of the tree and grass areas are greenish. Also tree areas usually contain much richer textures than normal smooth road surfaces. The intensity transformation and spatial and frequency filtering can be used to filter out such areas. The minimum assumption, namely, small regions with closer spectrum, of the proposed scheme does not exclude the use of additional visual information to further improve the quality of extraction if they are available.
Grouping and Optimization
As the result of segmentation, the open space area segments are typically incomplete and disconnected due to heavy noise. 
Change Detection
Change detection is used to highlight or identify significant differences in imagery acquired at different times and thus plays an important role in the lifecycle of GIS. 
CONCLUSIONS
In this paper, we have proposed a new automatic system for extracting open space area and change detection during a certain time period. The main contribution of the proposed system is to address the major issues that have caused all existing extraction approaches to fail, such as blurring boundaries, interfering objects, inconsistent area profiles, heavy shadows, etc. To address all these difficult issues, we develop a new method, namely automatic extraction of open space area from high resolution satellite imagery, to capture the essence of both visual and geometric characteristics of open space area. The extraction process including filtering, segmentation, and grouping and optimization, eliminates the need to assume or guess the color spectrum of different open space areas. The proposed approach is efficient, reliable, and assumes no prior knowledge about the required open space area, conditions and surrounding objects. It is able to process complicated aerial/satellite images from a variety of sources including aerial photos from Google and Yahoo satellite images. The quick application of the proposed study is envisaged to help landing the helicopters in open space area safely in case of emergencies, urban development planning, land use/and land cover assessment.
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